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FLYWHEKT. [crankshaft]\ssembly for internal 



This application is a conLinuation of application Scr No. 
07/485.659 filed Feb. 27, 1990 now abandoned. 5 

BACKGROUND OF THE INVENTION 

1. Field of ihc Invention 

The present invention relates to a crankshaft assembly lo 
including a flywheel, for an intcmaJ combustion engine. 
More specifically, the present invention relates to a crank- 
shaft assembly for an interna] combustion engine, which can 
effectively shift a resonance frequency of a flexitral or 
bending vibration of the crankshaft assembly out of a target 15 
frequency band of a forced vibration which results such as 
during acceleration of a vehicle so as to effectively prevent 
occurrence of a thick sound or noise in an engine room, 
while ensuring a quick response for clutch engaging and 
disengaging operations, and/or which can prevent occur- ^ 
rcnce of a fore and aft vibration of a vehicle floor ai the lime 
of engagement of the clutch. 

2. Description of the Background An 

In a known crankshaft assembly for an internal combus- 
tion engine, a flywheel is directly connected to a crankshaft 25 
to use a mass of the flywheel mainly for reducing a torsional 
vibration generated in a rotating direction of the crankshaft 
assembly due to periodic torque fluctuation. However, the 
mass of the flywheel tends to generate a flexural or bcrwJing 
vibration in an axial direction of the crankshaft which causes ^ 
a thick sound or noise in an engine room and thus in a 
vehicle compartment for an automotive vehicle, particularly 
at the time of the acceleration of the vehicle. 

Accordingly, there has been proposed a crankshaft assem- 
bly such as disclosed in Second Ja{>ancse Patent Publication 
No. 57-58542. wherein the flywheel is connected to the 
crankshaft through an elastic or flexible plate. The elastic 
plate has a rigidity in its routing direction large enough for 
effectively transmitting the power between the crankshaft 
and a transmission through a clutch, while the elastic plate ^ 
has a rigidity in the axial direction small enough for shifting 
a resonance frequency of the bending vibration out of a 
frequency band of a forced vibration which results during 
the most frequently used engine speed (4,000 rpm) so as to 
overcome the above-noted problem. 

However, the background an as mcniioocd above has the 
following problems. 

When the rigidity of the elastic plate in the axial direction 
(hereinafter referred to as 'the axial rigidity") is too small, 50 
a clutch stroke for engaging and disengaging the clutch is 
likely to become larger, resulting in a delayed response of 
the clutch engaging and disengaging operations leading 
particularly to failure of the clutch discngagemcol which is 
likely to cause such as an engine stall. On the other hand, 55 
when the axial rigidity of the elastic plate is too large, the 
de viation of the resonance frequency of the bending vibra- 
tion from the target frequency band of the forced vibrauon 
can not be ensured. 

Further, in the background an, when the flywheel is 60 
rotated, an axial run-out occurs on an engaging surface of 
the flywheel with a clutch facing of a clutch disc provided 
adjacent to the flywheel, due to a processing cnor and an 
assembling error of the elastic plaie and the flywheel. 
Accordingly, when the clutch is engaged, a vibration is 63 
generated by a combination of the nin-oui of the engaging 
surface of the flywheel and the torque fluctuation of the 
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engine, which is amplified by a vibration generated by ihe 
combusiion in the engine cylinders and corresponding 
movements of associated numbers so as to cause a fore and 
afi vibration of the vehicle floor. Such vibraiion is urK:om- 
3 fonable for the driver and passengers in ihe vehicle com- 
partment. 

SUMMARY OF THE INVENTION 

10 Therefore, it is an object of the present invention to 
provide a crankshaft assembly for an internal combustion 
engine thai can eliminate the above-noted defects inherrm in 
the background an. 

It is another object of the present invention to provide a 

IS crankshaft assembly for an internal combustion engine that 
can effectively shi^ a resonanoe frequency of a flexuraJ or 
bending vibratioo of the crankshaft assembly out of a target 
frequency band of a forced vibratioo. particularly out of a 
target frequency band which results during acocleratioo of a 

20 vehicle so as to effectively prevent occurrence of a thick 
sound or noise in an engine room, while ensuring a quick 
response of the clutch engagement and disengagement 
operations so as to prevent particularly the failure of the 
clutch disengagement which is likely to cause such as an 

23 engine stall. 

It is still another object of the present invention to provide 
a crankshaft assembly for an internal combustion engine that 
can prevent occurrence of a fore and aft vibrsdon of a 
vehicle floor at the time of the engagement of the clutch by 

^ effectively eliminating an axial run -out of an engaging 
surface of a flywheel with a clutch facing generated during 
rotation of the flywheel. 

To accomplish the above mentioned and other objects, 
according to one aspect of the present invention* a crank- 
shaft assembly for an internal corobustioo.engine comprises 
a crankshaft for transmitting a driving power to a transmis- 
sion through a clutch, an elastic ooember fixed to the 
crankshaft, and a flywheel fixed to the elastic member such 
that the flywheel is supported in an elastic relatiortship with 
the crankshaft 

The flywheel has an engageable surface at a side opposite 
to the elastic membe r in an axial direction of the crankshaft, 
and the engageable surface is engageable with an associated 

4^ member of the clutch to receive a load therefrom in the axial 
direction when the engageable surface is engaged with the 
associated member of the clutch. 

The elastic member has a first predetermined rigidity in iu 
rotating direction, the first predetermined rigidity being 

50 large enough to effectively transmit the driving power to the 
transmission through the clutch. On the other hand, the 
elastic member has a second predetermined rigidity in the 
axial direction, the second predetermined rigidity being 
small eriough to shift a resonance frequency of a berxling 

53 vibration out of a target frequency band of a forced vibra- 
tion, while ensuring to prevent a failure of disengagement 
between the engageable surface of the flywheel and the 
assodated member of the clutch. 

According to aruxher aspect of the present invention, a 

60 method for forming a crankshaft assembly for an internal 
combustion engine comprises steps of fixing a flywheel to an 
elastic member to form a unit, assembling the unit onto the 
crankshaft with the elastic member mounted onto the crank- 
shaft so as to support the flywheel in an elastic relatioiuhip 

63 with the crankshaft, and processing an engageable surface of 
the flywheel, which is engageable with an associated mem- 
ber of a clutch, based on an assembled condition between the 
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elastic member and the crankshali so as lo minimize an axial 
run-out of ihe cngagcahic surface. 

According lo siill another aspect of ihc present invention, 
a crankshaft assembly for an intemaJ combustion engine 
comprises a crankshaft for transmitting a driving power to a ^ 
transmission through a clutch, an clastic member fixed to the 
crankshaft, and a flywheel fixed to the clastic member such 
that the flywheel is supported in an clastic rclauonship «ith 
the crankshaft. 

The flywheel has an engageable surface at a side opposite '° 
to the elastic member in an axiaJ direction of the crankshaft, 
and the engageable surface is engageable with an associated 
member of the clutch to control transmission of ihe driving 
power between the crankshaft and the uansmission. 

The engageable surface is designed to have an axial 
run-out which is no more than 0.) mm for ensuring a smooth 
engagement with the associated member of the clutch. 



BRIEF DESCRIPTION OF THE DRAWINGS ^ 

The present invention will be understood more fuUy from 
the detailed description given hercinbelow and from the 
accompanying drawings of the preferrtd embodiment of the 
invention, which are given by way of example only, and are 23 
not intended to be limitative of the present invention. 

In the drawings: 

FIG. 1 is a longitudinal cross section of a crankshaft 
assembly for an interna] combustion engine according to z ^ 
first preferred embodiment of the present invention; 

RG. 2 is a graph of vibration level versus frequcocy 
showing a shift of a resonance frequency of a flexural or 
bending vibration by changing a rigidity of an elastic or 
flexible plate in an axial direction of a crankshaft: 33 

FIG. 3 is a longitudinal cross section of a crankshaft 
f PIT ^ ^asscmblY [fopJan internal combustion engine according to a 
second preferred embodiment of the present invention; and 

FIG. 4 is a graph of fore and aft vibration of vehicle fioor 
versus flywheel run-out amount, showing a relationship 40 
between an amount of an axial run-out of a flywheel and a 
fore and aft vibration of a vehicle floor. 



DESCRIPTION OF THE PREFERRED 43 
EMBODIMENT 
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Now, a [crankshaft] fljnvheel assembly for an internal 
combustion engine according to preferred embodiments of the 
present invention will be described hereinbelow with reference 
to FIGS. 1 to 4. 

FIG. 1 shows a first preferred embodiment of the 
present invention. An engine crankshaft 1 is connected to 
pistons through respective connecting rods in a known manner 
for receiving the driving power therefrom. An elastic plate 2 
of this example is substantially of a disc shape^.and is fixed^ 
its inner portion 2f, to one shaft end of the crankshaft 1 by a 
plurality of bolts 3. The elastic plate 2 [is formed at its] haa^ 
outer peripheral [edge] portion 2h whtch is formed with an 
axially extending [section] flangfi 2a to which a ring gear R is 
fixed. The ring gear R engages with pinion gears of an engine 
starter motor for transmitting the driving power from the engine 
starter motor to the crankshaft 1 when starting the engine. 

An annular reinforcing member 4 is disposed between 
the elastic plate 2 and heads of the bolts 3. The reinforcing 
member 4 is formed at its outer peripheral edge portion with a 
received portion 4a which is in this eYample cylindrical [section 
4a] and [extending] extends in an axial direction of the 
crankshaft L [and with] The reinforcing me.mhP T 4 nf this 
example further has a radially outwardly extending [section] 
flange 4b in the form of an outward flange, as shown in Fig 1 
The inner portion 2f of the elastic plate 0. is r U mped between 
the reinforcin g member 4 and th e sha ft end of the crankshaft i 



Tn other words, a firs t clearance 
or second free space i s provided 
between inner surfac e 5f and the 
plastic plate 2 for allow ing axial 
movement of the flywheel body. 



radially extending side 



an engaging surface which is 




A flywheel body 5 of an annular shape is fixed to the 
elastic plate 2 at their iesp)ective outer peripheral edge 
poitions Sa and 2b through a plurality of bolts 6 and 
conesponding reinforcing members 7 disposed between the 
5 elastic plate 2 and heads of the bolts 6. The aimular flywheel 
body 5 has a stepped inner peripheral edge surface defining 
a mounting opening Sb for receiving the reinforcing member 
4 therein. Hie stepped inner peripheral edge surface has a 
first section 5c extending axially, a second section Sd 
10 extending radially outward from die first section 5c and a 
third section Se extending axially firom the second section 
Sd. The axial section 4a of the rdnforcing member 4 is in a 
slidable contact with the first section 5c of the flywheelrbody 
5, and the radial section 4b of the reinforcing member 4 is 
15 spaced from the second section 5^ of the flywheel body 5 by 
a predetermined distance for allowing an axial movement of 
the fiywheel along with the elastic plate 2. A radially 
extending inner surface 5/ of the flywheel facing the elastic 
plate 2 is spaced ^art from the elasdc plate 2 by a 
20 predetermined distance for ensuring an elasticity of the 
clastic plate 2/^ 

The flywheel body 5 fiirther includes a radially extending 
sun^ace 5^ at a side axially opposite to the fradiall s urface y 
or the elastic plate 2. Th ef radial ] surface Sg i^Agage^Ie^ 
with a ciutch facing 8 of a clulcn disc 9 o f^ciutch in a 
ibwn maimer so as to control the ttansmisSon of the power 
between the crankshaft 1 and a transmission. 

A rigidity of the elastic plate 2 in its rotating direction 
(hereinafter referred to as **the circumferential rigidity**) is 
set large enough for effectively transmitting the power 
between the crankshaft 1 and the transmission through the 
clutch, while a rigidity of the elastic plate 2 in the axial 
direction (hereinafter referred to as "the axial rigidit/*) is set 
small enough for shifting a resonance frequency of the 
flexural or bending vibration out of a frequency band of a 
forced vibration which results during the acceleration of tte 
engine. 

As described in the background art, when the axial 
rigidity of the elastic plate is too small, a clutch stroke for 
engaging and disengaging the clutch becomes larger, i.e. a 
clutch stroke loss gets larger, resulting in delayed response 
of the clutch engaging and disengaging operations leading 
particularly to the failure of the clutch disengagement which 
is likely to cause such as an engine stall. On the other hand, 
when the axial rigidity of the elastic plate is too large, the 
deviation of the resonance frequency of the bending vibra- 
tion firom the target firequency band of the forced vibration 
can not be attained. 

To overcome the above-noted problem, the axial rigidity 
of the elastic plate 2 in this embodiment is set to 600 kg/mm 
to 2200 kg/mm, wherein an axial (Hsplacement of the radial 
surface Sg of the flywheel 5 is no more than 1 Tnnn when an 
axial load or force 600 kg to 2200 kg is applied to the radial 
surface 5g. By selecting a value of the axial rigidity of the 
elastic plate 2 within the foregoing range, not only is the 
failure of the clutch disengagement effectively prevented, 
but also the deviation of the resonance frequency of the 
bending vibration from the frequency band of the forced 
vibration, during the acceleration of the engine in this 
embodiment, is effectively attained so as to prevent genera- 
tion of the thick sound or noise in the engine room. 

Specifically, it is confirmed that the failiffe of the clutch 
disengagement, Le. the failure of the disengagement 
between the radial surface Sg of the flywheel and the chitch 
facing 8 of the clutch disc 9, h^pens when an axial 
displacement of the radial surface 5^ at the time of erigage- 
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mcni wiih ihc clutch facing 8 exceeds 5% of a normaJ cluich 
sirokc (normaJly ai 7 mm lo 8 ininjj[fur]cng aging and for 

disengaging the clutch. The normaJ dutch stroke is a dis- 

tancc between the radiaJ surface 5^ of the flywheel body 5 
and the cluich facing 8 in a disengagement or released 3 
condition of the clutch. Accordingly, considering that an 
axiaJ load applied to ihc flywheel body 5 through the cluich 
facing 8 is nonnally at 150 kg 10 200 kg. ihc lower limit 
vaJue 600 kg/mm of the axiaJ rigidity of the elastic plate is 
selected, wherein the axiaJ displacement of the radiaJ surface 
Sg is wnihin 5* of the normal clutch stroke when applied *° 
wiih the axtaJ load 150 kg to 200 kg. as shown in TABLE 
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(wherein, percenuge denotes a nue of the axial displace- 
ment relative to the norma) clutch stroke which is 7 to 8 mm) ^ 

As seen from TABLE 1 . the lower limit value 600 kg/mm 
of the axial rigidity of the elasbc plate 2 ensures the axial 
displacement of the radial surface 5; of the flywheel body 5 
within 5% of the normal clutch stroke, i.e. the axial dis- 
placement of the radiaJ surface Sg is between 0.25 to 0,33 
mm or between 3.1 to 4.7% relaiive to the normal clutch 
stroke when applied with the normal axial load at 150 to 200 
kg through the clutch facing 8. so that the failure of the 
clutch discogagemem is eCfectively prevented. Naturally, the ^ 
larger the axial rigidity of the elastic plate gets, the stnalier 
the axial displacement of the flywheel geu. 

Now, the axial rigidity of the elastic plate 2 will be 
considered in view of shifting of the resonance frequency of 
the bending vibration out of a frequency band of a forced 45 
vibration which resulu during the acceleraiioo of the engine 
where the sound or noise generated by the bending vibration 
is the most sigtuflcant It is confirmed that the sound or noise 
generated by the bending vibration is efTectively reduced 
when the resonance frequency is shifted out of the frequency 
baixl of the forced vibration during the acceleration of tlx 
engine. 

no. 2 is a graph of bervling vibration level versus 
frequency showing a result of experiments using various 
elastic plates having different axial rigidities. Tbe frequency 53 
baiKl of the forced vibration during the acceleration of the 
engine is 200 Hz to 500 Hi. In FlC. 2. a tine Ao shows a 
relationship between the frequency and the bending vibra- 
tion level without using the elastic plate, i.e. the flywheel is 
directly connected to the crankshaft. As can be seen, a 60 
resonance frequency of the line Ao is within 200 Hz to 500 
Hz, which causes the sound or noise problem. A line Al is 
derived by the clastic plate having the axial rigidity of 2200 
kg/mm, a line A2 is derived by the elastic plate having the 
axia] rigidity of 1700 kg/mm. line A3 is derived by the 63 
elasUc plate having the axial rigidity of 1 200 kg/mm, and a 
line A4 is derived by the elastic plate having the ajuaJ 
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rigidity of 1000 kg/mm. As can be seen, the resonance 
frequency of each of ihe lines Al to A4 is shified out of the 
frequency band 200 Hz to 500 Hz^ and further, the vibration 
level of each of the lines Al to A4 is considerably lower than 

5 the line Ao within the frequency band 200 Hz to 500 Hz. 
Though the line A 1 has a vibration level higher than the tine 
Ao around 200 Hz, this happens in a very small range of 
frequency. Accordingly, the value 2200 kg/mm is selected as 
an upper limit value of the axial rigidity of the elastic plate. 

yQ and the value 1700 kg/nun is selected as a more preferable 
upper limit value of the axial rigidity. 

In light of the above, the axial rigidity of the elastic plate 
2 in this embodiment is selected at 600 kg/mm to 2200 
kg/mm, and preferably at 600 kg/mm to 1700 kg/mm. 

15 As understood from the above description, this first 
embodiment* when the crankshaft 1 is rotated, the flywheel 
body 5 is ensured to rotate with the crankshaft 1 by means 
of the large ciirumfercntia] rigidity of the elastic plate 2. 
When the clutch is engaged and the engine is accelerated, 

20 the driving power is transmitted to the transmission with a 
very low bending vibration level by means of the axial 
rigidity of the elastic plate being do more than 2200 kg/mm. 
so that the vehicle companmeot can be kept quiet On the 
other band, when the clutch is disengaged, since the axial 

25 displacement of the flywheel is no nnorc than 5% of the 
normal clutch stroke by means of the axial rigidity of the 
elastic plate being no less than 600 kg/nun, the failure of the 
disengagement of the cluuh is effectively prevented. 
FIG. 3 shows ^[crankshaft^ assembly for an internal 

^ combustion engine according to a second embodiment of the 
present invention. In RG. 3, the same or Like pans or 
members are denoted by the same reference nunierals. In the 
following description, explanations of those same or Uke 
members will be omitted to avoid redundant description. 

35 Further, though the clutch assembly is ndt shown in FIG. 3, 
the same clutch assembly including the clutch disc 9 and the 
clutch facing 8 is pmvided in the same manner as in RG. 1. 

In RG. 3, the crankshaft 1 includes a stepped end surface 
having a first section la extending radially inward from its 

^ outer peripheral edge, a second section lb extending axially 
torn the inward end of the first section la toward the clutch 
disc 9. and a third circular section Ic extending radially from 
the second section 1^. The elastic plate 2 is of an annular 
shape having a mounting opening at its center for receiving 
the second section lb therethrough. The elastic plaie 2 is 
fixed to the crankshaft 1 with iu axially extertding inward 
end 2c facing the second section of the crankshaft 1 and with 
its radially extending inward end portion Id facing the first 
section of the crankshafL The other structure is substantially 

^ the same as in RG. 1. 

As mentioned in the background art, when the flywheel 
body 5 is rotated through the crankshaft 1, an axial run-out 
is generated on the radiaj^surface $g due to the processing 

2^ error and the assembling error of the elastic plate 2 and the 
flywheel body 5 to cause the vibration when the clutch is 
engaged. The vibration hmhcr causes the fore and aft 
vibration of the vehicle floor. 

In order to overcome the above-noted problem, in this 



to make an amount of the axial run-out no more than 0. 1 
nun. Specifically, the processing of the radiahsurface 5; is 
performed in the following manner. 
The flywheel body 5 is first fixed to the elastic plate 2 by 
65 the bolts 6. Then, this imit is assembled to the crankshaft I 
with the axially extending inward end 2c of the elastic plate 
2 facing the second section lb of the crankshaft 1 and with 
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ihc radially extending inward end ponion Id facing ihe fini 

section \a of the crankihaA Then, the radiaJ surface 5^ is engaging 

processed based on ihc assembled condition between the 

axiaily extending inward end Ic and the second section \b 

and/or between the radiaJly extending inward end portion 2J 5 

and the first section la to make the axiaJ run-out of the radial 

surface Sg no more than 0.1 mm. 

By using the abovc-noted manner, the radiahsurface 5^ is engaging 
easily and precisely processed to make the ajriount of the 
axiaJ run-out no more than 0.1 mm. 10 
nC. 4 is a graph of axiaJ run-out amount of flywheel 
engaging (radiaJy^surfacc Sg) versus fore and aft vibrauon of vehicle 
floor showing a result of cxpenmcnis. It is confirmed that the 
fore and aft vibraUon of the vehicle floor which docs not 
give a uncomfonabic feeling to a human body is normally no 
more than 0. 1 G (graviiaiionaJ acceleration). As can be seen 
from nC. 4. a fore and aft vibrauon of the vehicle floor is 
substantially in direct proportion 10 an amount of the axial 
engaging run-out of the radiaj^surface Sg. and the fore and aft vibration 

becomes no more than 0.1 G when ihc axial run-out ^ 
becomes no more than 0.1 mm. Accordingly, by malting the 
amount of the axial run-out no more than 0. 1 mm as in this 
embodiment, the fore and afi vibration can be made no more 
than 0.1 G. 

As understood from the above description, in this second ^ 
embodiment, when the crankshaft 1 is rotated, the flywheel 
body 5 is ensured to route with the crankshaft 1 by means 
of the large circumferential rigidity of the clastic plate 2. 
Since the amount of the axial run-out of the radiaj^surf ace 5^ ^ engaging 
is no more than 0. 1 mm, the engagement between the radiaL i^rxZs^Z^ no 
surface 5^ and the clutch facing 8 is performed quite ^"fi^f^-^"S 
smoothly, so that the fore and aft vibration does not exceed 
O.I G. Accordingly, the driving power is transmitted from 
the engine to the transmission without giving the uncom- 
fortable feeling to the human body. 

It is to be appreciated thai in this second embodiment, the 
axial rigidity of the elastic plate 2 is not necessarily selected 
at 600 kg/mm to 2200 kg/mm. 

It is to be understood that the invention is not to be limited 40 
to the embodiments described above, and that various 
changes and modifications may be made without departing 
from the spirit and scope of the invenbon as defined in the 
appended claims. 

^Whai is claimed is: 45 
LA fljrwheel for a power transmission system for trans- 
mitting engine torque to a driven unit, comprising: 

an elastic plate seemed to a crankshaft to rotate therewith; 
a flywheel bodty secured to said elastic plate and having an 
engageable surface for engaging with a clutch disc; and 
a reinforcing member for reinforcing said elastic plate at 
a portion of said elastic plate which is secured to said 
crankshaft; 

said elastic plate having an axial rigidity in the range of 55 
600 kg/mm to 2200 kg/nun so as to ensure transmission 
of engine torque to said driven unit, while decreasing 
noise produced by a bending vibration of said crank- 
shaft; 

wherein each of said elastic plate, said flywheel body and 60 
said reinforcing member comprises a first portion, said 
first portion of said flywheel body being placed axially 
between said first portions of said elastic plate and said 
reinforcing member, and said first portions of said 
elastic platB> said flywheel body and said reinforcing 65 
member defining clearances for allowing said first 
portion of said flywheel body to move axially between 
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said first portions of said elastic plate and said rein- 
forcing mocber. 

2. A flywheel as set forth in daim 1, wherein said axial 
rigidity is in the lange of 600 kg/mm to 1700 kg/nun. 

3. A flywhed as s^ forth in claim 2, wherein an axial 
run-out of said engageable surface when rotated by said 
crankshaft is no more than 0.1 nun. 

4. A flywheel according to daim 1, wherein said rein- 
forcing member (4) and said elastic plate (2) are fastened to 
said crankshaft (1) by a fastening means (3)» and said elastic 
plate is clanged between said crankshaft and said reinforc- 
ing membei: 

5. A flywhed according to claim 4, wherein said elastic 
plate is circular and comprises an outer peripheral portion 
(2b) surrounding said first portion of said elastic plate, so 
that said first portion of said dastic plate is an inner portion 
of said elastic plate, said flywhed body comprises an outer 
peripheral portion (Sa) which surrounds said firat portion of 
said fiy whed body, so that said first portion of said flywhed 
body is an inner portion of said flywhed body, said outer 
peripheral portions of said dastic plate and said flywheel 
body are fastened together by a second Sterling means (6), 
said inner portion of said flywhed body comprises an 
inwardly fadng inside cylindrical surface defining a central 
circular hole (5&), said reinforcing member comprises a 

^ cylindrical portiaa (4a) which is recdved in said circular 
hole (Sb) of said flywhed body, and comprises an outwardly 
facing outside cylindrical surface surrounded by said 
inwardly &cing cylindrical surface of said flywhed body, 
said first portian of said reinforcing member is in the form 
of an outward flange (4^), said first portion of said flywhed 
body is slidably mminted on said cylindrical portion of said 
reinforcing memher so that said first portion of said flywheel 
body is axially slidable between said inner portion of said 
dastic plate and said outward flange of said reinforcing 
member. 

6. A flywhed according to daim 4, wherein said irmer 
portion of said flywhed body comprises a first surface (5f) 
which is substantially paralld to said engageable surface 
(Sg) and which faces toward said elastic plate, and a second 
sur&ce (Sd) which is substantially paralld to said engage- 
able surface and which &ces toward said outward flange of 
said reinforcing member, said iimer pardon of said elastic 
plate con^iristng an abutting surface confrontiag said first 
surface of said flywhed bod^ and limiting an axial move- 
ment of said inner portion of said elastic plate by abutting 
against said first suriface of said flywheel body, said outward 
flange of said reinforcing member con^nises an abutting 
surface confinonting said second surface of said flywhed 
body and limiting the axial movem»it of said iimer portion 
of said flywhed body by abutting against said second 
surface of said flywhed body, an axial distance between said 
first and second surfaces of said flywhed body is smaller 
than an axial distance between said abutting surfaces of said 
dastic member and said rdnfordng member. 

7. A flywhed according to claim 6, wherein said second 
surface (5d) of sakl inner portion of said flywhed body is 
located axially between said first surfiice (Sf) and said 
oigageable surface (5^) of said flywhed body. 

8. A flywhed for a power transmission system for trans- 
mitting engine torque to a driven unit, comprising: 

an dastic plate secured to a crankshaft to rotate therewith; 
a flywhed body secured to said elastic plate and having an 

engageable surface for engaging with a clutch disc; and 
65 a reinforcing member for reinforcing said elastic plate at 

a portion of said dastic plate which is secured to said 

crankshaft; and 
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said engageable surface having an axial run-out which is 
equal to or less than 0.1 mm; 

wherein each of said elastic plate, said flywheel body and 
said reinforcing member conqnises a first portion, said 
first portion of said flywheel body being placed axially 5 
b^ween said first portions of said elastic plate and said 
reinforcing member, and said first portions of said 
elastic plate, said flywheel body and said reinforcing 
member defining clearances for allowing said firet 
pttttion of said flywheel body to move axially between 10 
said first portions of said elastic plate and said r^- 
forcing member. 

9. A flywheel assembly conqirising: 

a driving shaft (1) for transmitting torque; 

a circular elastic member (2) comprising an outer portion 
and an inner portion and extending radially inwardly 
finom said outer portion to said inner portion, said iimer 
portion of said elastic member being fastened to a shaft 
end of said driving shaft; 

20 

an annular flywheel member (5) comprising an outer 
portion and an inner portion and extending radially 
inwardly from said outer portion to said inner portion 
of said flywheel member, said outer portion of said 
flywheel member being fastened to said outer portion 25 
of said elastic member, said inner portion of said 
flywheel member comprising a central circular hole; 
and 

a reinforcing member (4) comprising a cylindrical portion 
(4a) axially extending from a first end to a second end. 30 
an inner portion extending radiaUy inwardly from said 
first end of said cylindrical portion, and an outward 
flange (4i>) extending radially outwardly from said 
second end of said cylindrical portion, said inner por- 
tion of said reinforcing member being fastened to said 35 
shaft end of said driving shaft, said cylindrical portion 
of said reinforcing member being fit in said circular 



10 

hole of said flywheel member with a clearance to fonn 
a loose fit; 

wherein said inner porticm of said elastic member is 
fixedly clamped between said shaft end of said driving 
5 shaft and said inner portion of said reinforcing member, 
said imier portion of said flywheel member is loosely fit 
over said cylindrical portion of said reinforcing menH 
ber and located axially between said inner portion of 
said elastic member and said outward flange of said 
10 reinforcing member, said outward flange is axially 
spaced from said inner portion of said elastic member 
at an axial distance which allows axial movement of 
said inner portion of said flywheel body between said 
inner portion of said elastic member and said outward 
15 flange of said reinforcing member. 

10. A flywheel assembly according to daim 3, wherein 
said elastic member has an axial rigidity which is in the 
range of 600 kg/mm to 2200 kg/mm, 
U. A flywheel assembly according to claim 9, wherein a 
20 wall thickness of said irmer portion of said reinforcing 
member is greater than a wall thickness of each of said 
outward flanges of said reinforcing member and said inner 
portion of said elastic member, said wall thickness of each 
of said iimer portion and said outward flange of said rein- 
25 farcing memhher and said inner portion of said elastic mem- 
ber being a dimension measured in an axial direction parallel 
to an axis of said driving shaft 

IZ A flywheel assembly according to claim 9, further 
comprising a first fastening means for fastening said outer 
30 portions of said elastic memjser and said flywheel member 
together, and a second fastening means for fastening said 
inner portions of said elastic member and said reinforcing 
member to said shaft end of said driving shaft, each of said 
first and second fastening means comprises screw fasteners 
35 extending axially along an axis of said driving shaft "1 



101 . A flywheel assembly for a power 
transmission system for transmitting engine torque, 
comprising: 

an elastic plate sccvired to a crankshaft to rotate 
therewith: 

a flywheel body secured to said elastic plate 
and haying an engaging surface for engaging with a 
clutch disc: and 

a reinforcing member for reinforcing said 
elastic plate at a portion of said elastic plate which is 
secured to said crankshaft: 

said elastic plate haying an axial rigidity in the 
range of 600 kg/mm to 2200 kg/mm so as to ensure 
transmission of engine torque through said flywheel 
assembly while decreasing noise produced by a 
bending yibration of said crankshaft: 

wherein each of said elastic plate, said 
flywheel body and said reinforcing member comprises 
a first portion, said first portion of said flywheel body 
being placed axially between said first portions of said 
elastic plate and said reinforcing member, and said 
first portions of said elastic plate, said flywheel body 
and said reinforcing member defining clearances for 
allowing said first portion of said flywheel body to 
moye axially between said first portions of said elastic 
plate and said reinforcing member. 

102. A flywheel assembly as set forth in 
claim 101, wherein said axial rigidity is in the range of 
600 kg/mm to 1700 kg/mm. 

103. A flywheel assembly as set forth in 
claim 102, wherein an axial run-out of said engaging 



surface when rotated by said crankshaft is no more 



than 0.1 mm. 



104. A flywheel assembly according to 
claim lOK wherein said reinforcing member (4'> and 
said elastic plate (2) are fastened to said crankshaft fl) 
by a fastening means (3), and said elastic plate is 
clamped between said crankshaft and said reinforcing 
member. 

105. A flywheel assembly according to 
claim 104. wherein said elastic plate is circular and 
comprises an outer peripheral portion (2b) surrounding 
said first portion of said elastic plate, so that said first 
portion of said elastic plate is an inner portion of said 
elastic plate, said flywheel body comprises an outer 
peripheral portion (5a) which surrounds said first 
portion of said flywheel body, so that said first portion 
of said flywheel body is an inner portion of said 
flywheel body, said outer peripheral portions of said 
elastic plate and said flywheel body are fastened 
together by a second fastening means (6), said inner 
portion of said flywheel body comprises an inwardly 
facing inside cylindrical surface defining a central 
circular hole (5b\ said reinforcing member comprises 

a cylindrical portion (4a) which is received in said 
circular hole (5b) of said flywheel body, and 
comprises an outwardly facing outside cylindrical 
surface surrounded by said inwardly facing cylindrical 
surface of said flywheel body, said first portion of said 
reinforcing member is in the form of an outward 
flange (4b\ said first portion of said flywheel body is 
mounted on said cylindrical portion of said reinforcing 
member, and said cylindrical portion of said 



reinforcing member is sized to allow said first portion 
of said flywheel body to slide axiallv between said 
inner portion of said elastic plate and said outward 
flange of said reinforcing member. 



106. A flywheel assembly according to 
claim 104. wherein said inner portion of said flywheel 
body comprises a first surface (5f) which is 
substantially parallel to said engaging surface (5g^ and 
which faces toward said elastic plate, and a second 
surface (5d) which is substantially parallel to said 
engaging surface and which faces toward said outward 
flange of said reinforcing member, said inner portion 
of said elastic plate comprising an abutting surface 
confronting said first sxirface of said flywheel body 
and limiting an axial movement of said inner portion 
of said flywheel body by abutting against said first 
surface of said flywheel body, said outward flange of 
said reinforcing member comprises an abutting surface 
confronting said second surface of said flywheel body 
and limiting the axial movement of said inner portion 
of said flywheel body by abutting against said second 
surface of said flywheel body, an axial distance 
between said first and second surfaces of said flywheel 
body is smaller than an axial distance between said 

abutting surfaces of said elastic member and said > 
reinforcing member. 

107. A flywheel assembly according to 
claim 106, wherein said second surface (5d) of said 
inner portion of said flywheel body is located axiallv 
between said first surface (5f) and said engaging 
surface (5g) of said flywheel body. 



1 08. A flywheel assembly for a power 
transmission system for transmitting engine torque, 
comprising: 

an elastic plate secured to a crankshaft to rotate 
therewith: 

a flywheel body secured to said elastic plate 
aad having an engaging surface for engaging with a 
clutch disc: and 

a reinforcing member for reinforcing said 
elastic plate at a portion of said elastic plate which is 
secured to said crankshaft: and 

said engaging surface having an axial run-out 
which is equal to or less than 0.1 mm: 

wherein each of said elastic plate, said 
flywheel body and said reinforcing member comprises 
a first portion, said first portion of said flywheel body 
being placed axially between said first portions of said 
elastic plate and said reinforcing member, and said 
first portions of said elastic plate, said flywheel body 
and said reinforcing member defining clearances for 
allowing said first portion of said flywheel body to 
move axially between said first portions of said elastic 
plate and said reinforcing member. 

1 09. A flywheel assembly comprising: 
a crankshaft (1) for transmitting torque: 

a circular elastic plate (2) comprising an outer 
portion and an inner portion and extending radially 
inwardly from said outer portion to said inner portion, 
said inner portion of said elastic plate being fastened 
to a shaft end of said crankshaft: 

an annular flywheel body (5) comprising an 
outer portion and an inner portion and extending 
radially inwardly from said outer portion to said inner 



portion of said flywheel body, said outer portion of 
said flywheel body being fastened to said outer portion 
of said elastic plate, said inner portion of said flywheel 
body comprising a central circular hole: and 

a reinforcing member (4) comprising a 
cylindrical portion f4a) axially extending from a first 
member end to a second member end, an inner portion 
extending radially inwardly from said first member 
end of said cylindrical portion, and an outward flange 
f4b) extending radially outwardly from said second 
member end of said cylindrical portion, said iiiner 
portion of said reinforcing member being fastened to 
said shaft end of said crankshaft, said cylindrical 
portion of said reinforcing member being fit in said 
circular hole of said flywheel body with a clearance to 
form a loose fit: 

wherein said inner portion of said elastic plate 
is fixedly clamped between said shaft end of said 
crankshaft and said inner portion of said reinforcing 
member, said inner portion of said flywheel body is fit 
oyer said cylindrical portion of said reinforcing 
member and located axially between said inner portion 
of said elastic plate and said outward flange of said 
reinforcing member, said outward flange is axially 
spaced from said inner portion of said elastic plate at 
an axial distance which allows axial movement of said 
inner portion of said flywheel body between said inner 
portion of said elastic plate and said outward flange of 
said reinforcing member. 

110. A flywheel assembly according to 
claim 109, wherein said elastic plate has an axial 
rigidity which is in the range of 600 kg/mm to 2200 
kg/mm. 



111. A flywheel assembly according to 
claim 109, wherein a wall thickness of said inner 
portion of said reinforcing member is greater than a 
wall thickness of each of said outward flange of said 
reinforcing member and said inner portion of said 
elastic plate said wall thickness of each of said inner 
portion and said outward flange of said reinforcing 
member and said inner portion of said elastic plate 
being a dimension measured in an axial direction 
parallel to an axis of said crankshaft. 

112. A flywheel assembly according to 
claim 109, further comprising a first fastening means 
for fastening said outer portions of said elastic plate 
and said flywheel body together, and a second 
fastening means for fastening said inner portions of 
said elastic plate and said reinforcing member to said 
shaft end of said crankshaft, each of said first and 
second fastening means comprises screw fasteners 
extending axially along an axis of said crankshaft. 

113. A flywheel assembly for a power 
transmission system for transmitting engine torque 
comprising: 

a crankshaft: 

an elastic plate comprising an inner portion 
secured to a shaft end of said crankshaft: 

a flywheel body secured to said elastic plate 
and having an engaging surface for engaging with the 
clutch disc: and 

a reinforcing member for reinforcing said 
elastic plate at said inner portion of said elastic plate: 

wherein said elastic plate has an axial rigidity 
in the range of 600 kg/mm to 2200 kg/mm so as to 



ensure transmission of enfiine torque through said 
flywheel assembly, while decreasing noise produced 
by a bending yibration of said crankshaft: 

wherein said elastic plate is clamped axially 
between said reinforcing member and said shaft end of 
said crankshaft, and 

wherein a first portion of said flywheel moves 
axially with respect to said reinforcing member and 
said elastic plate, 

wherein said reinforcing member has a radially 
extending portion which extends at least inwardly of 
said flywheel body, and wherein said elastic plate 
comprises a first portion, said first portion of said 
flywheel body being placed axially after said first 
portion of said elastic plate, and said first portions of 
said flywheel body and said elastic plate defining a 
first clearance and said flywheel body having a first 
fi-ee space on a side opposite of the first clearance for 
allowing said first portion of said flywheel body to 
move axially within the first clearance and the fi-ee 
space. 

1 14. A flywheel assembly as set forth in 
Claim 113, wherein said flywheel body comprises an 
inner portion defining a circular central hole, and an 
outer portion surrounding said inner portion of said 
flywheel body: said elastic plate comprises an outer 
portion which surrounds said inner portion of said 
elastic plate and which is fixed to said outer portion of 
said flywheel bodv: said reinforcing member is fit in 
said central hole of said flywheel body with a 
clearance to form a loose fit: and said reinforcing 
member comprises an outer circumferential sxu-face for 
allowing said inner portion of said flywheel bodv to 



move axiallv to said elastic plate without limiting an 
axial movement of the imier potion of said flywheel 
body toward said elastic plate. 

115. A flywheel assembly as set forth in 
Claim 114, wherein said reinforcing member extends 
axiallv from a first member end defined by a radially 
extending abutment surface held in contact with said 
elastic nlate, to a second member end: said outer 
circumferential surface of said reinforcing member 
extends from said abutment surface toward said 
second member end of said reinforcing member: said 
outer circumferential surface of said reinforcing 
member comprises an outer cylindrical surface section 
fit in said central hole of said flywheel body, and an 
outer curved surface section which extends 
continuously from said outer cylindrical surface 
section to said abutment surface: and said curved 
sxxrface section is a surface of revolution whose 
diameter decreases continuously from a diameter of 
said cylindrical surface section toward said abutment 
surface. 

116. A flywheel assembly as set forth in 
Claim 115. wherein said flywheel body comprises a 
side sxirface facing toward said elastic plate, and said 
engaging surface which faces away from said elastic 
plate and which extends in an imaginary flat plane: 
and said second member end of said reinforcing 
member is located axiallv between said engaging 
surface and said side surface of said flywheel body 
and away from said imaginary flat plane. 



117. A flywheel assembly as set forth in 
Claim 113, wherein said flywheel body comprises an 
inner portion defining a circular central hole, and an 
outer portion surrounding said inner portion of said 
flywheel body: said elastic plate comprises an outer 
portion which surrounds said inner portion of said 
elastic plate and which is fixed to said outer portion of 
said flywheel body: and said reinforcing member 
comprises an outer circumferential surface allowing 
said inner portion of said flywheel body to move 
axially toward said elastic plate without limiting an 
axial movement of the inner portion of said flywheel 
body toward said elastic plate. 

118. A flywheel assembly as set forth in 
Claim 113. wherein said flywheel body comprises a 
side surface facing toward said elastic plate, and said 
engaging siu-face which faces away fi-om said elastic 
plate: and said reinforcing member comprises a 
radially extending abutment surface held in contact 
with said elastic plate, and an outer circumferential 
curved surface which extends continuously fi-om said 
abutment surface to a curved surface end which is 
located axially between said side surface of said 
flywheel body and said engaging surface of said 
flywheel body. 

119. A flywheel assembly as set forth in 
Claim 118. wherein said outer circumferential curved 
surface of said reinforcing member is a surface of 
revolution whose diameter increases continuously 
fi-om said abutment surface of said reinforcing 
member to said cxirved surface end of said outer 
circumferential curved surface. 



120. A flywheel assembly as set forth in 
Claim 118. wherein said reinforcing member extends 
axially from a first member end defined by said 
abutment surface to a second member end which is 
located axially between said engaging surface and said 
side siirface of said flywheel body: and an axial 
distance of said second member end of said 
reinforcing member from said abutment surface of 
said reinforcing member is smaller than an axial 
distance of said engaging surface of said flywheel 
body from said abutment surface of said reinforcing 
member. 

121. A flywheel assembly as set forth in 
Claim 118, wherein said engaging surface of said 
flywheel body extends in an imaginary flat plane: and 
said reinforcing member extends axially from a first 
member end defined by said abutment siuiace to a 
second member end which is located axially between 
said engaging surface and said side surface of said 
flywheel body and which is away from said imaginary 
flat plane. 

122. A flywheel assembly as set forth in 
Claim 118. wherein said flywheel body comprises an 
inner portion defining a circular central hole, and an 
outer portion surrovmding said inner portion of said 
flywheel body: said elastic plate comprises an outer 
portion which surrounds said inaer portion of said 
elastic plate and which is fixed to said outer portion of 
said flywheel body: said reinforcing member 
comprises a received portion which is received in said 
central hole of said flywheel body: and said outer 
ciu^ed surface of said reinforcing member extends 



continuously from said abutment surface to said 



received portion. 



123. A flywheel assembly as set forth in 
Claim 122, wherein said received portion of said 
reinforcing member comprises a cylindrical outside 
surface received in said central hole of said flywheel 
body, and the diameter of said curved surface 
increases continuously from said abutment surface to a 
diameter of said cylindrical surface of said reinforcing 
member. 

124. A flywheel assembly as set forth in 
Claim 12L wherein said axial rigidity is in the ranee 
of 600 kg/mm to 1700 kg/mm. 

125. A flywheel assembly as set forth in 
Claim 12L wherein an axial run-out of said engaging 
surface when rotated by said crankshaft is no more 
than 0.1 mm. 

126. A flywheel assembly as set forth in 
Claim 125, wherein said engaging surface of said 
flywheel body is formed so as to make the axial run- 
out no more than 0. 1 mm by processing said engaging 
surface of said flywheel body in an assembled state in 
which said crankshaft, said elastic plate, said flywheel 
body and said reinforcing member are assembled in a 
xmit. 

127. A flywheel assembly as set forth in 
Claim 121, wherein said side surface of said flywheel 
body comprises an outer side surface section which 
faces toward said elastic plate and which is fastened to 



an outer portion of said elastic plate and an inner side 
surface section which faces toward said elastic plate, 
which is surrounded by said outer side surface section 
of said flywheel body, and which is raised from said 
outer side surface section axiallv toward said elastic 
plate. 

128. A flywheel assembly flywheel 
assembly of a power transmission system for 
transmitting engine torque, said flywheel assembly 
comprising: 

a crankshaft: 

an elastic plate comprising an inner portion 
secured to a shaft end of said crankshaft: 

a flywheel body secured to said elastic plate 
and haying an engaging surface for engaging with the 
clutch disc: and 

a reinforcing member for reinforcing said 
elastic plate at said inner portion of said elastic plate: 

wherein said engaging surface has an axial run- 
out which is no more than 0.1 mm^ 

wherein said elastic plate is clamped axially 
between said reinforcing member and said shaft end of 
said crankshaft, and 

wherein a first portion of said flywheel moyes 
axially with respect to said reinforcing member and 
said elastic plate. 

wherein said reinforcing member has a radially 
extending portion which extends at least inwardly of 
said flywheel body, and wherein said elastic plate 
comprises a first portion, said first portion of said 
flywheel body being placed axially after said first 
portion of said elastic plate, and said first portions of 
said flywheel body and said elastic plate defining a 



first clearance, and said flywheel body having a first 
fi-ee space on a side opposite of the flywheel facing the 
elastic plate for allowing said first portion of said 
flywheel body to move axially within the first 
clearance and the fi-ee space. 

129. A flywheel assembly as claimed in 
Claim 128, wherein said flywheel body comprises an 
inner portion defining a circular central hole, and an 
outer portion surrounding said inner portion of said 
flywheel body: said elastic plate comprises an outer 
portion which surrounds said inner portion of said 
elastic plate and which is fixed to said outer portion of 
said flywheel body: said reinforcing member is fit in 
said central hole of said flywheel body with a 
clearance to form a loose fit: and said reinforcing 
member comprises an outer circumferential surface for 
allowing said inner portion of said flywheel body to 
move axially to said elastic plate without limiting an 
axial movement of the inner portion of said flywheel 
body toward said elastic plate. 

130. A flywheel assembly as set forth in 
Claim 129, wherein said reinforcing member extends 
axially fi-om a first member end defined by a radially 
extending abutment sxuface held in contact with said 
elastic plate, to a second member end: said outer 
circiunferential surface of said reinforcing member 
extends continuously fi-om said abutment surface 
toward said second member end of said reinforcing 
member: said outer circumferential surface of said 
reinforcing member comprises an outer cylindrical 
surface section fit in said central hole of said flywheel 
body, and an outer curved surface section which 



extends continuously from said outer cylindrical 
sxirface section to said abutment surface: and said 
curved surface section is a surface of revolution whose 
diameter decreases from a diameter of said cylindrical 
surface section toward said abutment surface. 

131. A flywheel assembly as set forth in 
Claim 130, wherein said flywheel body comprises a 
side surface facing toward said elastic plate, and said 
engaging surface which faces away from said elastic 
plate and which extends in an imaginary flat plane: 
and said second member end of said reinforcing 
member is located axiallv between said engaging 
surface and said side surface of said flywheel body 
and away from said imaginary flat plane. 

132. A flywheel assembly as set forth in 
Claim 128, wherein said flywheel body comprises an 
inner portion defining a circular central hole, and an 
outer portion surrounding said inner portion of said 
flywheel body: said elastic plate comprises an outer 
portion which surroxmds said inner portion of said 
elastic plate and which is fixed to said outer portion of 
said flywheel bodv: and said reinforcing member 
comprises an outer circumferential surface allowing 
said inner portion of said flywheel body to move 
axiallv toward said elastic plate without limiting an 
axial movement of the inner potion of said flywheel 
bodv toward said elastic plate. 

133. A flywheel assembly as set forth in 
Claim 128, wherein said flywheel bodv comprises a 
side surface facing toward said elastic plate, and said 
engaging surface which faces away from said elastic 



plate: and said reinforcing member comprises a 
radially extending abutment surface held in contact 
with said elastic plate, and an outer circumferential 
curved surface which extends continuously from said 
abutment surface to a curved surface end which is 
located axiallv between said side surface of said 
flywheel body and said engaging surface of said 
flywheel body. 

134. A flywheel assembly as set forth in 
Claim 133, wherein said outer circimiferential curved 
surface of said reinforcing member is a surface of 
revolution whose diameter increases from said 
abutment surface of said reinforcing member to said 
curved surface end of said outer circumferential 
curved surface. 

135. A flywheel assembly as set forth in 
Claim 133, wherein said reinforcing member extends 
axiallv from a first member end defined bv said 
abutment surface to a second member end which is 
located axiallv between said engaging sxirface and said 
side surface of said flywheel body: and an axial 
distance of said second member end of said 
reinforcing member from said abutment surface of 
said reinforcing member is smaller than an axial 
distance of said engagement surface of said flywheel 
body from said abutment surface of said reinforcing 
member. 

136. A flywheel assembly as set forth in 
Claim 133, wherein said engaging surface of said 
flywheel body extends in an imaginary flat plane: and 
said reinforcing member extends axiallv from a first 



member end defined by said abutment surface to a 
second member end which is located axiallv between 
said engaging surface and said side surface of said 
flywheel body and which is away from said imaginary 
flat plane. 

137. A flywheel assembly as set forth in 
Claim 136, wherein said flywheel body comprises an 
inner portion defining a circular central hole, and an 
outer portion surrounding said inner portion of said 
flywheel body: said elastic plate comprises an outer 
portion which surrounds said inner portion of said 
elastic plate and which is fixed to said outer portion of 
said flywheel body: said reinforcing member 
comprises a receiyed portion which is receiyed in said 
central hole of said flywheel body: and said outer 
cxiryed surface of said reinforcing member extends 
continuously from said abutment surface to said 
receiyed portion. 

138. A flywheel assembly as set forth in 
Claim 137, wherein said receiyed portion of said 
reinforcing member comprises a cylindrical outside 
surface receiyed in said central hole of said flywheel 
body, and the diameter of said curyed surface 
increases continuously from said abutment surface to a 
diameter of said cylindrical surface of said reinforcing 
member. 

139. A flywheel assembly as set forth in 
Claim 136, wherein said engaging surface of said 
flywheel body is formed so as to make the axial run- 
out no more than 0.1 mm by processing said engaging 
surface of said flywheel body in an assembled state in 



which said crankshaft, said elastic plate, said flywheel 
body and said reinforcing member are assembled in a 
luiit. 

140. A flywheel assembly according to 
claim 113. wherein said first portions of said flywheel 
body and said elastic plate define a space consisting 
essentially of said first clearance. 

141. A flywheel assembly according to 
claim 113. wherein said first portion of said flywheel 
body slidably contacts an axial surface of said radially 
extending portion of said reinforcing member. 

142. A flywheel assembly according to 
claim 113. wherein said flywheel body axially moves 
corresponding to said axial rigidity of said elastic plate 
in the range of 600 kg/mm to 2200 kg/mm without 
contact on its radial surfaces when said flywheel is 
engaged and disengaged. 

143. A flywheel assembly according to 
claim 128. wherein said first portions of said flywheel 
body and said elastic plate define a space consisting 
essentially of said first clearance. 

144. A flywheel assembly according to 
claim 128. wherein said first portion of said flywheel 
body slidably contacts an axial sxirface of said radially 
extending portion of said reinforcing member. 

145. A flywheel assembly according to 
claim 128, wherein said elastic plate has an axial 
rigidity in the range of 600 kg/mm to 2200 kg/mm so 



as to ensure transmission of engine torque through 
said flywheel assembly, while decreasing noise 
produced bv a bending vibration of said crankshaft: 
and wherein said flywheel body axiallv moves 
corresponding to said axial rigidity of said elastic plate 
in the range of 600 kg/mm to 2200 kg/mm without 
contact on its radial surfaces when said flywheel is 
engaged and disengaged. 

146. A flywheel assembly as set forth in 
claim 1 13, wherein said axial rigidity is in the range of 
600 kg/mm to 1700 kg/mm. 

147. A flywheel assembly as set forth in 
claim 146, wherein an axial run-out of said engaging 
surface when rotated by said crankshaft is no more 
than 0.1 mm. 

148. A flywheel assembly according to 
claim 113, wherein said elastic plate is clamped 
axiallv between said reinforcing member and said 
shaft end of said crankshaft by a fastening means. 

149. A flywheel assembly according to 
claim 113, wherein said elastic plate is circular and 
comprises an outer peripheral portion (2b) surrounding 
said first portion of said elastic plate, so that said first 
portion of said elastic plate is an inner portion of said 
elastic plate, said flywheel body comprises an outer 
peripheral portion (5a) which surrounds said first 
portion of said flywheel body, so that said first portion 
of said flywheel body is an inner portion of said 
flywheel body, said outer peripheral portions of said 
elastic plate and said flywheel body are fastened 



together by a second fastening means (6\ said inner 
portion of said flywheel body comprises an inwardly 
facing inside cylindrical surface defining a central 
circular hole (5b\ said reinforcing member comprises 
a cylindrical portion (4a) which is receiyed in said 
circular hole (5b) of said flywheel body, and 
comprises an outwardly facing outside cylindrical 
surface surrounded by said inwardly facing cylindrical 
surface of said flywheel body. 

1 50. A flywheel assembly according to 
claim 149, wherein said inner portion of said flywheel 
body comprises a first surface (Sf) which is parallel to 
said engaging surface (Sg) and which faces toward 
said elastic plate, and a second surface (5d) which is 
parallel to said engaging surface, said inner portion of 
said elastic plate comprising an abutting s^lrface 
confi-onting said first surface of said flywheel body 
and limiting an axial movement of said inner portion 
of said flywheel body by abutting against said first 
surface of said flywheel body. 

151. A flywheel assembly according to 
claim 150, wherein said second surface (5d) of said 
inner portion of said flywheel body is located axially 
between said first surface (5f) and said engaging 
surface f5g) of said flywheel body. 

1 52. A flywheel assembly as set forth in 
claim 113, wherein: 

said elastic plate is a circular elastic plate (2) 
which fiirther comprises an outer portion, and said 
inner portion extends radially inwardly from said outer 
portion to said inner portion: 



said fly wheel body is an annular flywheel 
body (5) which comprises an outer portion and an 
inner portion and extending radially inwardly from 
said outer portion to said inner portion of said 
flywheel body, said outer portion of said flywheel 
body being fastened to said outer portion of said 
elastic plate, said inner portion of said flywheel body 
comprising a central circular hole: and 

said reinforcing member further comprises a 
cylindrical portion (4a) axially extending from a first 
member end to a second member end, an inner portion 
extending radially inwardly from said first member 
end of said cylindrical portion, and an outward flange 
(4ti) extending radially outwardly from said second 
member end of said cylindrical portion, said inner 
portion of said reinforcing member being fastened to 
said shaft end of said crankshaft, said cylindrical 
portion of said reinforcing member being fit in said 
circular hole of said flywheel body with a clearance to 
form a loose fit: 

wherein said inner portion of said elastic plate 
is fixedly clamped between said shaft end of said 
crankshaft and said imier portion of said reinforcing 
member, said inner portion of said flywheel body is fit 
over said cylindrical portion of said reinforcing 
member. 

153. A flywheel assembly according to 
claim 152, wherein a wall thickness of said inner 
portion of said reinforcing member is greater than a 
wall thickness of each of said outward flange of said 
reinforcing member and said inner portion of said 
elastic plate, said wall thickness of each of said inner 
portion and said outward flange of said reinforcing 



member and said inner portion of said elastic plate 
being a dimension measured in an axial direction 
parallel to an axis of said crankshaft. 

1 54. A flywheel assembly according to 
claim 152. further comprising a first fastening means 
for fastening said outer portions of said elastic plate 
and said flywheel body together, and a second 
fastening means for fastening said inner portions of 
said elastic plate and said reinforcing member to said 
shaft end of said crankshaft, each of said first and 
second fastening means comprises screw fasteners 
extending axiallv along an axis of said crankshaft. 

155. A flywheel assembly as set forth in 
claim 128, wherein said elastic plate has an axial 
rigidity in the range of 600 kg/mm to 2200 kg/mm so 
as to ensure transmission of engine torque through 
said flywheel assembly, while decreasing noise 
produced by a bending vibration of said crankshaft. 

1 56. A flywheel assembly according to 
claim 155. wherein said elastic plate is clamped 
axially between said reinforcing member and said 
shaft end of said crankshaft by a fastening means. 

1 57. A flywheel assembly according to 
claim 128. wherein said elastic plate is circular and 
comprises an outer peripheral portion (2b) surrounding 
said first portion of said elastic plate, so that said first 
portion of said elastic plate is an inner portion of said 
elastic plate, said flywheel body comprises an outer 
peripheral portion (5a^ which surroxmds said first 
portion of said flywheel body, so that said first portion 



of said flywheel body is an inner portion of said 
flywheel body, said outer peripheral portions of said 
elastic plate and said flywheel body are fastened 
together by a second fastening means (6\ said inner 
portion of said flywheel body comprises an inwardly 
facing inside cylindrical surface defining a central 
circular hole (5b\ said reinforcing member comprises 
a cylindrical portion (4a) which is received in said 
circular hole (5 b) of said flywheel body, and 
comprises an outwardly facing outside cylindrical 
surface surrounded by said inwardly facing cylindrical 
surface of said flywheel body. 

158. A flywheel assembly according to 
claim 157, wherein said inner portion of said flywheel 
body comprises a first surface (5f) which is parallel to 
said engaging surface (5g^ and which faces toward 
said elastic plate, and a second surface (5d) which is 
parallel to said engaging surface, said inner portion of 
said elastic plate comprising an abutting surface 
confi-onting said first surface of said flywheel body 
and limiting an axial movement of said inner portion 
of said flywheel body by abutting against said first 
surface of said flywheel body. 

159. A flywheel assembly according to 
claim 158, wherein said second surface (5d) of said 
inner portion of said flywheel body is located axially 
between said first surface (5f) and said engaging 
surface (5g) of said flywheel body. 

160. A flywheel assembly as set forth in 
claim 128, wherein: 



said elastic plate is a circular elastic plate (2^ 
which further comprises an outer portion, and said 
inner portion extends radially inwardly from said outer 
portion to said inner portion: 

said fly wheel body is an annular flywheel 
body (5> which comprises an outer portion and an 
inner portion and extending radially inwardly from 
said outer portion to said inner portion of said 
flywheel body, said outer portion of said flywheel 
body being fastened to said outer portion of said 
elastic plate, said inner portion of said flywheel body 
comprising a central circular hole: and 

said reinforcing member fiirther comprises a 
cylindrical portion (4a) axially extending from a first 
member end to a second member end, an iimer portion 
extending radially inwardly from said first member 
end of said cylindrical portion, and an outward flange 
(4b) extending radially outwardly from said second 
member end of said cylindrical portion, said inner 
portion of said reinforcing member being fastened to 
said shaft end of said crankshaft, said cylindrical 
portion of said reinforcing member being fit in said 
circular hole of said flywheel body with a clearance to 
form a loose fit: 

wherein said inner portion of said elastic plate 
is fixedly clamped between said shaft end of said 
crankshaft and said inner portion of said reinforcing 
member, said inner portion of said flywheel body is fit 
oyer said cylindrical portion of said reinforcing 
member. 

161. A flywheel assembly according to 
claim 155, wherein said elastic plate has an axial 



rigidity which is in the range of 600 kg/mm to 1700 



kg/mm. 



162. A flywheel assembly according to 
claim 160. wherein a wall thickness of said inner 
portion of said reinforcing member is greater than a 
wall thickness of each of said outward flange of said 
reinforcing member and said inner portion of said 
elastic plate, said wall thickness of each of said inner 
portion and said outward flange of said reinforcing " 
member and said inner portion of said elastic plate 
being a dimension measured in an axial direction 
parallel to an axis of said crankshaft. 

163. A flywheel assembly according to 
claim 160, further comprising a first fastening means 
for fastening said outer portions of said elastic plate 
and said flywheel body together, and a second 
fastening means for fastening said inner portions of 
said elastic plate and said reinforcing member to said 
shaft end of said crankshaft, each of said first and 
second fastening means comprises screw fasteners 
extending axially along an axis of said crankshaft. 

1 64. A flywheel assembly according to 
claim 113. wherein said radially extending portion 
further comprises a radially extending section (4b) at 
least partially oyerlapping the first portion of said 
flywheel body in a radial direction. 

165. A flywheel assembly according to 
claim 128. wherein said radially extending portion 
further comprises a radially extending section f4b'> at 



least partially overlapping the first portion of said 
flywheel body in a radial direction. 



